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I. Introduction
The competitiveness of a country is often measured by its real exchange rate. This has its origin in the theorem of purchasing power parity (PPP), one of the oldest hypotheses in economics. Its foundation can be found in the thoughts of David Hume and its modern introduction has been attributed to Cassel (1916) . The *Corresponding address: Manuchehr Irandoust, Department of Economics, University of Örebro, Örebro, Sweden, PPP theorem in its "absolute" version asserts that the long-run equilibrium exchange rate between two countries currencies is equal to the ratio of their price levels. In other words, the PPP theorem implies that in the long run, two countries price levels are equal when converted to a common currency, or that the real exchange rate is equal to unity. "Relative" PPP asserts that the real exchange rate is constant, although it need not be one. Therefore, fluctuations in the real exchange rate are synonymous with deviations from long-run PPP.
In this paper, we study the long-run behaviour of the real exchange rate by adopting a permanent-transitory decomposition in which the real exchange rate covaries with a set of nonstationary productivity series, in line with the work of Balassa (1964) and Samuelson (1964) . We use vector error-correction models (VECMs) as a basis for testing if permanent shocks in real exchange rates cointegrate with permanent shocks in productivity. Different specifications are imposed to improve estimation and prediction precision. If as Balassa has suggested, the two countries being examined have experienced large differences in productivity growth, this may generate a trend in the real exchange rate, that can be tested explicitly.
The classical model of the real exchange rate, which was developed by Balassa (1964) and Samuelson (1964) , suggested that deviations between any exchange rate and its PPP value stem from productivity differentials between the nontraded and traded sectors of economies. Such a gap in productivity performance will affect real exchange rates if productivity growth is concentrated in the traded sectors of both countries. Consequently, the prices of traded relative to nontraded goods must adjust through time in order to indicate productivity gains. Theoretically, the existence of productivity differences between countries is an important reason for a divergence between PPP and the equilibrium exchange rate. Greater difference between the productivity of two countries which leads to a larger gap between their wages may create a larger gap between PPP and the equilibrium exchange rate. Real exchange-rate changes in response to productivity growth differentials have been labelled in the literature as the "productivity-bias hypothesis" or "Balassa-Samuelson effect", reflecting the view that an increase or a decrease in a country's relative productivity creates an appreciation or a depreciation of its real exchange rate (Balassa, 1964; Samuelson, 1964; Officer, 1976) .
Existing empirical research on productivity-bias hypothesis has produced mixed results. Among the studies that have supported the hypothesis can be cited those by Balassa (1964) , Hsieh (1982) , Edison and Klovland (1987) , Marston (1987) , Obstfeld (1993), and De Gregorio et al. (1994) . The conclusion that can be derived from these studies is that the deviation of the real exchange rate from its timevarying, long-run equilibrium value is a function of productivity or real shocks. Others such as Froot and Rogoff (1991a, b) , Rogers (1995) , Rogers and Jenkins (1995) , Mark and Choi (1997) have little or no support for the productivity-bias hypothesis. As a whole, these studies employ different estimation techniques and attempt to explain many stylised facts, such as the observed variations or trends in real exchange rates and comovements between real exchange rates and real shocks. The results, however, are mixed and highly sensitive to the year chosen and to the countries included in the regressions.
A number of the previous studies has focused mainly on estimating models using cross-sectional data based on the implicit assumption that countries have common characteristics. This may not be true because countries differ not only in their institutional, political, and economic structures but also in their reactions to external shocks. Thus, the estimates from cross-sectional regressions are misleading because they do not consider country-specific characteristics. On the other hand, with a few exceptions, the problem with the previous studies is that their conclusions are based on non-stationary data. In other words, very little consideration is given in terms of evaluating the time series characteristics (stationarity and cointegration) of the data employed. The application of conventional econometric techniques to non-stationary (integrated) time series can give rise to misleading results and erroneous inferences (Sims et al., 1990) . Generally speaking, the existing time-series studies pay only little attention both to the presence of trends in the data and to dynamic VECMs which allow for inference on exogeneity and causality concepts. Most of the empirical literature is not explicitly dynamic and tests of long-run real exchange-rate dynamics under the Balassa-Samuelson effect are not that common.
Does productivity performance explain long-run deviations from PPP? The purpose of our work is to examine a time series analysis of the productivity-bias hypothesis in PPP by assessing a long-run cointegrating relationship between productivity growth differentials and real exchange rates. Our sample countries consist of Denmark, Germany, Norway, Sweden, the UK, and the US. The data used in this study are annual observations and cover the period 1960-1995.
II. Theoretical Background
The model used in this paper follows Rogoff (1991b, 1995) and Mark and Choi (1997) . The PPP theorem has specific implications for the time-series behavior of the (log) real exchange rate, , defined as (1) where is defined as the exchange rate of domestic currency per unit of foreign currency and and are the domestic and foreign prices, respectively. For PPP to hold the real exchange rate must have a constant mean and the tendency to revert to that mean, implying that the real exchange rate must be level stationary. If the real exchange rate has a unit root, absolute PPP given by the equation can not be regarded as an equilibrium. It is possible that the real exchange rate will have deviations from its equilibrium level in the short run, due possibly to the differences in adjustment rates of price indices and asset prices. But in the long run, the real exchange rate must return to its equilibrium level for PPP to hold. For simplicity, the (log) real exchange rate, , is decomposed into two terms as (2) where is the long-run equilibrium value and is an error term. Alternative views of the real exchange rate process are embedded in equation (2). Under the random-walk model, it is possible to have , with a serially uncorrelated sequence and var . Thus, long-run PPP can be shown with a constant valued and being a serially correlated covariance stationary process. Under PPP, the long-run value of the real exchange rate, , is constant under the assumption that is stationary. Balassa (1964) and Samuelson (1964) consider a small open economy that produces traded and nontraded goods.
1 Assume that the (log) price level is where is the (log) local currency price of tradables, ω is the domestic consumption share of tradables, and is the (log) local currency price of nontradables. The (log) real exchange rate can be separated into the (log) real exchange rate for traded goods, the (log) relative price between tradables and nontradables at home and the (log) relative price between tradables and nontradables abroad, i.e.,
Under the Balassa-Samuelson tradition, the real exchange rate is determined
entirely by the production technology if (i) the law of one price holds among traded goods so that the first term in equation (3) disappears; (ii) the terms of trade are constant; (iii) capital can be transferred across countries; (iv) production functions for sectors are represented by constant returns to scale; (v) there are free movements of production factors between sectors. However, the long-run value can be represented as: (4) where denotes productivity growth. The Balassa-Samuelson model, in which differences in productivity growth can lead to real exchange rate changes may provide a rationale for random walk exchange rate behavior. If productivity differential shocks are permanent, productivity shocks can result in a unit root in the real exchange rate. In Rogoff's (1992) model, in which intertemporal smoothing of traded goods consumption can lead to smoothing of the intertemporal price of traded and nontraded goods, even transitory productivity shocks can result in a
The central equation of the Balassa-Samuelson hypothesis is derived as follows. Assume that the sectoral production functions are:
1 where indicate domestic output of the traded and nontraded goods respectively, and and denote capital, labour and productivity in sector i. Profit maximization implies:
1 where R and W are the rental rate on capital and the wage rate respectively, and is the relative price of nontradables. By log-differentiating eqs. (3a)-(6a), a generalization of the classic Balassa-Samuelson effect can be obtained:
where log x. If the degree of capital intensity is the same in both sectors ( ), then the percentage change in the relative price of traded goods equals the productivity growth differential between the traded and nontraded sectors ( ). If, however, nontraded goods are more labor intensive ( ), then even the same productivity growth across the two sectors ( ) will create an appreciation of the relative price of traded goods.
unit root in the real exchange rate. Taken as a whole, cointegration is to be expected under the hypothesis namely that if productivity levels are converging between two countries this will create an equilibrium real exchange rate in the long run.
III. Methodology, Data, and Empirical Models
To identify statistically the long-run relations between the real exchange rates and the measures of productivity requires formulating a well-defined statistical vector error-correction model (VECM). We then use the Johansen (1988) and Johansen and Juselius (1990) approach to test for the number of cointegrating vectors and to identify these vectors as economically meaningful relationships. The Johansen procedure is based on the error-correction representation of the vector autoregression VAR (k) model with Gaussian errors, i.e.: (5) where X is an N×1 vector of I(1) variables. The long-run static equilibrium associated with equation (5) is ΠX = 0, where the long-run coefficient matrix Π is defined as (6) The long-run cointegrating matrix Π is an N×N matrix whose rank determines the number of cointegrating vectors, say r. If we define two matrices α (N×r) and β (N×r) such that , the rows of β will form the r cointegrating vectors. Johansen and Juselius (1990) introduce two likelihood-ratio tests known as the λ-max and trace tests to determine the number of cointegrating vectors using the maximum likelihood estimates of cointegrating vectors.
The data used in this study are annual observations and cover the period 1960-1995. The real exchange rates and productivity series look non-stationary. Thus, we will assume that they are integrated of order one, unless we find evidence that clearly rejects this assumption. The real exchange rate is defined as Φ ijt = ln P jt + ln S ijt −ln P it where P jt is the price level in country j at time t -the foreign country -and P it is the price level in the domestic country. The nominal foreign exchange rate (S ijt ) is defined as domestic currency units per one foreign currency unit. The exchange rate series is derived from the OECD Main Economic Indicators (various issues). The price levels in this study are gross domestic product (GDP)
deflators taken from the OECD Economic Outlook (various issues). The sample of countries consists of Denmark, Germany, Norway, Sweden, the UK, and the US. Real exchange rates are calculated against the US and Germany. The yearly productivity series, constructed as GDP per employed worker, is collected from the OECD Economic Outlook (various issues). By inspecting the data, we found a clear break for Germany in 1991, the year that East-and WestGermany reunited. Thus, a dummy variable for the year 1991 appears to be motivated. The "productivity gap" between country i and j is defined as γ ijt =ln PROD j -ln PROD i , where j is the source country, either the US or Germany, and PROD stands for productivity.
The models considered here attempt to explain the effect of productivity differentials on the real exchange rate. For each country we will try to find a VECM that is consistent with the data chosen in this paper. The theoretical considerations discussed in Section 2 result in the following (possible) cointegrating relationship (7) where Φ ijt is the log of real exchange rate for country i against country j, and γ ijt is the productivity gap between country i and j, (log PROD j -log PROD i ). A significant positive β 1 coefficient, in this cointegrating vector, indicates support for the productivity-bias hypothesis. A less restricted version of this relationship allows both for separate coefficients on the productivity variables and for a possible time trend, (8) These models do not work well for our sample countries. Testing for cointegration between bivariate real exchange rates towards Germany or the US, leads to problems in finding well-defined statistical VECM representation, but also in identifying the significant cointegration vectors. The reason for this failure might be that the productivity-bias is mainly relevant for effective exchange rates. Further, many countries have used baskets or target zones as a basis for their foreign exchange rate regimes. Thus, the relevant price comparisons are therefore between some weighted average of countries rather than bivariate comparisons. To test this hypothesis we look for a cointegration vector of the type, (9) where Φ i,us,t is the real exchange rate for country i towards the US, γ i,us,t is the productivity gap between country i and the US, γ i,ger,t is the productivity gap between country i and Germany, and Φ i,ger,t is the real exchange rate between country i and Germany. For most European countries, the US dollar and the German mark are the two most important currencies. Equation 9 therefore captures the most important currencies for constructing an efficient real exchange rate adjusted for productivity bias.
IV. Estimation Results
The first question is how to describe the nonstationary behaviour of the series in a statistical model. Tables 1-5 present the results of augmented Dickey-Fuller tests, showing that we cannot easily reject the assumption of I(1) processes for the real exchange rate series, the individual productivity series and for the productivity gaps towards Germany and the US. The exception here is the real Deutsche mark (DM) exchange rate for Denmark, which can be seen as stationary around deterministic trends.
In the second step we analyse the cointegrating properties of the productivity series. The outcome of testing for cointegration among the six productivity series is presented in Table 6 . The test statistics suggest three or four cointegrating vectors, implying that there are three or two common trends in the system. The VECMs display vector-residual autocorrelation, originating from the US series. If the US series is excluded, the vector autoregression (VAR) passes all the tests. Given the limited sample it's not possible to increase the lag length, nor could we find suitable dummy variables that "remove" the significant autocorrelation. Though the VAR of the total sample does not fit as much as we would like, we choose to analyse this model because it seems to encompass the results of the model without US productivity. Adding the US series to the VAR does not change the results, except for leading to a rejection of the assumption of no residual autocorrelation. Models include constants but no deterministic trend. lprod is log of productivity index. P-values refer to probability value of the lag in the augmentation. Models include constant and a deterministic trend. Yearly data 1960-1995. re is real DM exchange rate, except for Germany (re_GUS) which is real USD exchange rate. P-values refer to probability value of the lag in the augmentation. . re is real DM exchange rate, except for Germany (re_GUS) which is real USD exchange rate. P-values refer to probability value of the lag in the augmentation. Models include constant and a deterministic trend. Yearly data 1960-1995. pdif is the productivity gap in logs against the US. P-value refers to probability values of the lag in the augmentation. . pdif is the productivity gap against Germany, except pdifUSG which is log of German productivity minus log of US productivity. P-value refers to probability values of the lag in the augmentation.
. Models include constant and a deterministic trend. Yearly data 1960-1995. pdif is the productivity gap against Germany, except pdifUSG which is log of German productivity minus log of US productivity. Pvalues refer to probability values of the lag in the augmentation. Models include constants but no deterministic trend. Yearly data 1960-1995. pdif is the productivity gap against Germany, except pdifUSG which is log of German productivity minus log of US productivity. Pvalues refer to probability values of the lag in the augmentation. It is easy to reject the assumption of less than 3 cointegrating vectors among the six variables. The lambda max statistic leads us to accept four cointegrating vectors (two common trends), while the trace statistic suggests three vectors. A look at the companion matrix of the system, shows a relatively large fourth root which suggests that there might be four cointegrating vectors in the system.
Test for vector residual autocorrelation
The tests of exclusion, stationarity and weak exogeneity provide further information about the possible cointegrating vectors in the system. The tests of stationarity and exclusion show that accepting three or four vectors leads to the conclusions that all variables are I(1), and that no variable can be excluded from the system. The tests for weak exogeneity with respect to α and β suggest that accepting three vectors is consistent with assuming three common trends; one European trend, one UK trend and one US trend. Accepting the hypothesis of four vectors leads to the conclusion that the UK trend is really a part of the European trend. Thus, with four cointegrating vectors in the system, productivity growth could be understood as driven by one European trend and one US trend. In this sample, the long-run US trend is exogenous to the European trend. In this sense, whatever problems there might be in constructing index series of productivity, the long-run behavior of these series seems consistent with our basic, a priori beliefs that they are driven by stochastic rather than deterministic trends, and that in an integrated world they share one or two common trends over time. By looking at the significance of the alpha parameters we can perform a type of Granger causality test and ask which vector(s) predict productivity changes in which country. Sweden is the only country where productivity growth is predicted by all four vectors. Productivity growth in Denmark is predicted by vectors 1 to 3, and in Germany is predicted by two vectors where the second vector is vector number four -a characteristic shared by Sweden only. Productivity growth in Test for autocorrelation L-B(8), CHISQ (108) Norway and the UK are only predicted by one (different) vector in each country. Finally, a consequence of not rejecting weak exogeneity of the US productivity is that no vector is able to predict the US productivity growth. Against this background, our hypothesis is that the most of the real exchange rate series and the series measuring the productivity gaps are integrated of order one. We now turn to the question of whether real exchange rates cointegrate with productivity differences. For each country we estimate a VECM of order two, including a dummy variable for 1991 which captures the German reunification effect on productivity. Most models reject the assumption of residual autocorrelation, up to 8 lags, using the Ljung-Box statistics. But, given the limited sample, it is difficult to compensate for this by increasing the order of the VAR. As will be shown by the results, the main problem for finding support for the productivitybias hypothesis lies in the signs of the long-run relationships that are found in these VECMs.
For Denmark, for stationarity, one of these vectors is the Danish real DM rate. The other vector, looking at the exclusion test for r = 2, consists of the real USD rate in combination with the productivity gap between Denmark and the US, and the real DM rate. It is the combination of productivity gaps and real exchange rates that produces cointegrating vectors in the Danish data set. However, the problem for the productivity-bias hypothesis lies in the signs of the parameters. The hypothesis suggests that real exchange rates and the productivity series should have opposite signs but that is not the case here. For Norway, Table 8 , there is one cointegrating vector, a result consistent with the outcomes from the various batch tests.
2 The test statistics show that there is a problem with the assumption of normally distributed residuals for the productivity gap with respect to the US and for the real DM equation. The signs of the beta parameters in the cointegrating vector are positive and do not support the productivity-bias hypothesis. For Sweden, Table 9 , we find one cointegrating vector. Unlike the vectors for Denmark and Norway, the Swedish vector has opposite signs for the parameters of the real USD rate and the productivity gap against the US, in line with the productivity-bias theory. However, it is not possible to exclude the real DM rate and the German productivity gap from the equation. These two variables have positive parameters that are not easily identified as an economically meaningful relationship.
For the UK, Table 10 , we find one cointegrating vector. The exclusion test suggests that the real DM rate can be left out, leaving us with a stationary vector of three variables; the real USD rate and the two productivity differentials. Again the signs of the parameters do not have a clear economic interpretation.
Finally, for Germany, Table 11 , the model that is most consistent with the data consists of the real USD rate, the productivity series for Germany and the US, separately, and a time trend in the cointegrating vector. However, this model has problems with the Ljung-Box test and the assumption of normally distributed residuals. The problems concerning normality come from the real DM equation, even though we have included a dummy for 1991. The model has two cointegrating vectors. One of the vectors is made up the German productivity series which becomes stationary in this model. The other cointegrating vector therefore consists of the real USD rate, the US productivity series and a time trend. If the time trend is capturing the long-run productivity trend in Germany, as the Dickey-Fuller test in Table 2 suggests, the signs of the beta parameters are in line with productivity-bias hypothesis.
V. Conclusions
In this paper we test the Balassa-Samuelson effect or the productivity-bias hypothesis, applying cointegration techniques to a sample of yearly data that includes the real exchange rates and productivity series for six OECD countries. The real exchange rates series, the productivity series, and bivariate productivity differentials can, in most, cases be assumed to be integrated of order one. We find little support for the productivity bias-hypothesis in our sample. Bivariate models generally fit the data quite badly. Extending the VAR models to include both the DM and the USD real rates and productivity gaps lead to models that are more consistent with the data chosen, though not perfect. These models also display cointegrating relationships among real exchange rates and productivity differences. Although the parameters of the estimated cointegrating vectors are not tested statistically, we conclude on the basis of their signs that they are not easily identified as those predicted by the Balassa-Samuelson effect.
This negative result could be due to the fact that the tests of the BalassaSamuelson effect for explaining long-run real exchange rates or deviations from PPP are made mainly through bilateral comparison. It might be that the effect is more dominant for properly defined real effective exchange rates. Furthermore, our sample spans different exchange rate regimes, from fixed Bretton-Woods system over the flexible snake-period and the European Monetary System (EMS) periods up until today's floating system. There are substantial differences in real exchange rate behavior across exchange rate regimes (Mussa, 1986 (Mussa, , 1990 . That is, exchange rate regimes that are officially fixed indicate substantially low real variability compared to those that are allowed to float more or less freely. Flood and Rose (1993) show that the volatility of the exchange rate during a regime of floating is between three and nine times as volatile as during a fixed exchange rate regime. Mussa explains a variety of reasons for exchange rate regime-specific differences in real exchange rate behavior. These are speculative bubbles, sticky prices, systematically varying macroeconomic shocks, or regime-specific differences in policy behavior. Finally, the other reason for the inconclusive result probably lie in the definition of productivity variable which is only labor productivity rather than total factor productivity. The labor productivity is not a complete measure of productivity and more important it may pick up business cycle frequencies. Our results have implications for monetary integration in Europe. In the European Monetary Integration (EMU), by definition, there will be no possibility of currency realignment to offset adverse output and employment effects. This implies that in a monetary union with a single currency, the output and employment effects of relatively slow productivity growth and declining competitiveness over the long run could cause agitation for the reassertion of monetary sovereignty and offsetting exchange rate adjustment. Thus, the convergence criteria for a monetary union should consider differential productivity growth. Furthermore, in the EMU membership, adjustment that might be needed to offset the competitive effects of productivity differentials over long periods must be internal, such as wage flexibility. And the more inflexible labor markets, the more problematic is the effect of productivity differentials in the EMU-area. Generally speaking, these conflicting forces and the deviation of the productivitymodified PPP from the equilibrium exchange rate could be a threat to the EMU.
